Abstract A new approach of hybrid control systems, called mathematical-heuristic modelling, and its applications in analysis, simulation and stability of these systems, is presented. The developed stability criteria of hybrid control systems are useful for simulation and control of the now systems and for their stability evaluation. The case of a high complexity hydrological system, using a PC 586 or upgrade is illustrated.
INTRODUCTION
Classical hybrid control systems include a discrete event controller (Stiver&all, 1994; Cellier, 1993) . This paper extends the concept of hybrid control system by including a fuzzy knowledge-based controller. This approach is based on mathematicalheuristic model, a hybrid model including a fuzzy model (Stanciulescu, 1995 (Stanciulescu, , 1999 . The new approach brings about an important theoretical problem: the compatibility between the mathematical model of and the heuristic model, i.e. the fuzzy control model. This problem could be solved by means of a compatibility theorem (Stanciulescu, 2001 ). This approach let us to find a solution to the problem of stability of hybrid control systems by means of stability criteria.
MATHEMATICAL-HEURISTIC MODEL
The mathematical-heuristic model of a complex system is a model composed of interconnected (sub)models, i.e. a continuous simulation model and/or a discrete-time simulation model, a discrete event simulation model, and a heuristic and/or a fuzzy knowledge-based control model.
The structure of the mathematical-heuristic model is presented in Figure 1 knowledge are compatible.
The continuous processes simulation model
The continuous time simulation model of a complex system is a set of nonlinear differential equations: where [x imin , x imax ] is the so-called suboptimality interval of x i (t) established by the expert. (1)- (4) of the model describes the interconnected high complexity system.
Discrete time simulation model
The discrete time simulation model of a complex system is a set of nonlinear discrete-time equations, resulted from the discretization of a continuous simulation model:
The discrete time simulation model is ( ) (
(
also including the relations 2)-(4); k takes values from the discrete-time values set{
Discrete event processes simulation model
A discrete event simulation model will be included, which the standard form of is a Boolean differential equations set. The model of the discrete event system evolution is: 
Heuristic knowledge-based control model
We classify the heuristic rules in three main groups: Behavioral heuristic rules, shows the qualitative dependence of the state x i on parameters α :
( )
Control heuristic rules, shows the qualitative dependence of the state x i , on the control variable u i :
Decision heuristic rules, shows the qualitative modification of the control variable u i (k), able to reset the state variable
(in (11) and (12) 
; the derivatives take values from the set Q' 5 both the set and , together with the qualitative universe , and the qualitative operations: ≈ (qualitative equality), ⊕ (qualitative addition) and ⊗ (qualitative product), made up the qualitative algebra, . The above symbols define the following: L = Large, S = Small, DS = decrease strong, Ds = decrease slowly, ST = stationary, Is = increase slowly, IS = increase strong.
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The control problem is to maintain the state variables
The control model is a fuzzy one (Zadeh, 1996; Negoita, 1988 [ ]
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STABILITY OF HYBRID CONTROL SYSTEMS DESCRIBED BY MATHEMATICAL-HEURISTIC MODELS.
Computation formula of the new control variables, u i (k+1), in order to reset the state x i (k) into the (sub)optimality intervals is:
where ∆u i (k) is computed by using the formula
The set of fuzzy knowledge-based rules, useful in control of the complex system result 
Starting from rule (16) and using both 
Remark. The mathematical model of the controlled process and the fuzzy control model are not a priorically automatically compatible. A theorem of compatibility has been produced; it constitutes the theoretical underlies of the hybrid control algorithm.
A criterion of stability of hybrid control systems
The mathematical-heuristic approach of high complexity systems leads to an important theoretical problem: the stability of systems described by means of mathematical-heuristic models and the compatibility of mathematical and heuristic/fuzzy models. The problem of the compatibility between the numerical simulation model and the fuzzy model was solved in terms of a theorem of compatibility (Stanciulescu, 1999) . Based on the same reasoning we can obtain a criterion of stability of hybrid control systems. Let:
1,2,.n i , i0
be the numerical simulation model. The first step is to:construct the row of functions
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) x i 0 , x i 1 ,x i 2 , x i 3 , x i 4 ,, x i k ,x i k 1 ,, x i n +
Using the method of complete induction, the formula for computation of x i (k) can be given:
( ) 
The where:
The criterion of stability can be stated as Theorem 1. The hybrid control system composed of the discrete-time controlled process, described by eqs. (2)- (12) and the fuzzy controller described by eqs. (13)- (16) 
Taking the same procedure we obtain the expression of the state variable x i , k+1 is obtained:
The problem of structural stability of the hybrid control system can be expressed as follows: the hybrid control system is structural stable, with respect to small changes of initial conditions and/or system parameters, if and only if the following limit holds:
or, if here exists a number K so that for all k > K :| -| < , where is arbitrary ,2,...,n) . By introducing the expression of and in (23),
After some calculi here results:
Inequality (24) (24) holds.
RISK EVALUATION IN HIGH COMPLEXITY SYSTEMS
The mathematical-heuristic modelling of a high complexity system (Siljak, 1983) includes suboptimality intervals, associated with each state, so that:
It is important to evaluate the possibility that x i is less than x i min , or bigger than x i max .. We will note: δ , the risk that x x i min i <x i min , and δ x i max the risk that x i >x i max . 
Definition of risk δ x i min
The evaluation of risk δ x i max in % results, by using the norm expression:
The above evaluation formulae of risk of a state variable of a discrete-time system let us computer study risk, in different fields of activity and in concrete applications.
CASE STUDY: A HYDROLOGICAL SYSTEM

Simulation results
The theoretical approach has been applied to simulation and control of hydrological system of Danube River Delta. Figure 3 depicts the water refreshment factor Wi,k of a big lake from a network of interconnected lakes. In Figure 3 the lower curve Wi,k represents the dynamics of the water refreshment factor in a natural (uncontrolled) regime, while the upper curves nWi,k represent the dynamics of the controlled regime. Since Wi,k sometimes exceeds both limits it is necessary to evaluate and control the risk that Wi,k goes beyond the limits of the suboptimality intervals. 
